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Figure 1. Xylem.
Left: a cross-section of an Arabidopsis root apical meristem. Right: a magnified image of the 
area of the square shown in the left panel. The central five cells in a row are xylem precursor 
cells functioning as a signaling center. Green represents conceivable cytokinin content, which 
is produced in xylem precursor cells and diffuses into procambial cells.Xylem
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What is it? Xylem, along with phloem 
and procambium/cambium, comprises 
the plant vascular system, which 
extends throughout the whole plant. 
The xylem includes several cell types, 
such as fiber cells, xylem parenchyma 
cells, and tracheary elements, which 
contain vessel cells and tracheids.
What is xylem required for? The xylem 
has evolved as a tissue to transport 
water and minerals from the roots to 
the tips of leaves using tubes of dead 
tracheary elements arranged end-to-
end. In addition, the xylem is required 
for supporting the plant body vertically 
on land. Thick secondary cell walls 
on xylem cells give the cells physical 
strength to help support the plant body 
and resist water pressure.
From which cells is the xylem 
produced? Generally, xylem cells 
are produced from procambium and 
cambium, which function as vascular 
stem cells. Differentiation of xylem 
cells from procambial/cambial cells is 
repressed by a 12-amino-acid peptide 
named TDIF, which is secreted from 
phloem and received by the TDR/PXY 
receptor on the plasma membrane of 
procambial/cambial cells. In contrast, 
brassinosteroid promotes xylem cell 
differentiation from procambial/cambial 
cells. Glycogen synthase kinase 3 
proteins function as hubs of TDIF/
TDR and brassinosteroid signaling 
pathways. During primary vascular 
development, on the other hand, 
xylem cells differentiate from not only 
procambial cells but also directly from 
xylem precursor cells without entering 
the intervening procambial cell stage.
What regulates the differentiation 
of xylem cells? Tracheary element 
differentiation is a terminal 
differentiation and involves irreversible 
cellular events, such as programmed 
cell death and secondary cell wall 
formation. Differentiation into tracheary 
elements and xylem fiber cells is 
directed by similar master regulators — 
plant-specific NAC-type transcription 
factors. These master regulators induce 
Quick guidea hierarchical network of transcriptional 
regulation with MYB-type transcription 
factors as core regulators. The 
transcriptional networks are widely 
conserved in both grasses and trees.
Do xylem cells have other functions? 
In the embryo and the root apical 
meristem, xylem precursor cells emerge 
very early during vascular development. 
Transcriptional complexes composed 
of two bHLH transcription factors 
(from the LONESOME HIGHWAY group 
and the TARGET OF MONOPTEROS5 
group) control the initial step of vascular 
development. A common area in which 
both transcription factors are expressed 
is xylem precursor cells, where the 
transcriptional complexes upregulate 
key genes for cytokinin biosynthesis 
and for repression of cytokinin signaling 
(AHP6). Synthesized cytokinin diffuses 
to procambial cells and promotes their 
cell division. By contrast, in xylem 
precursor cells AHP6 suppresses 
cytokinin signaling and then inhibits cell 
division. Therefore, xylem precursor 
cells continue to promote procambial 
cell proliferation without affecting 
themselves. Thus, xylem precursor 
cells play a crucial role as a signaling 
center in organizing the initial vascular 
development in terms of proliferation 
and patterning.
Is xylem important for humans? Most 
of land-based biomass derives from 
cell-wall components of xylem cells, 
such as cellulose and lignin. These 
components are used as material not 
only for bioethanol production but 
also for the production of biomaterials such as bioplastics. For sustainable 
development of humankind, efficient 
use of xylem is essential.
Where can I find out more?
De Rybel, B., Adibi, M., Breda, A.S., Wendrich, J.R., 
Smit, M.E., Novák, O., Yamaguchi, N., 
Yoshida, S., Van Isterdael, et al. (2014). 
Integration of growth and patterning during 
vascular tissue formation in Arabidopsis. 
Science 345, 1255215. 
Etchells, J.P., Turner, S.R. (2010). The PXY-CLE41 
receptor ligand pair defines a multifunctional 
pathway that controls the rate and orientation 
of vascular cell division. Development 137, 
767–774.
Furuta, KM., Hellmann, E., and Helariutta, Y. (2014). 
Molecular control of cell specification and cell 
differentiation during procambial development. 
Annu. Rev. Plant Biol. 65, 607–638.
Hirakawa, Y., Shinohara, H., Kondo, Y., Inoue, A., 
Nakanomyo, I., Ogawa, M., Sawa, S., Ohashi-
Ito, K., Matsubayashi, Y., and Fukuda, H. (2008). 
Non-cell-autonomous control of vascular stem 
cell fate by a CLE peptide/receptor system. 
Proc. Natl. Acad. Sci. USA 105, 15208–15213.
Kondo, Y., Ito, T., Nakagami, H., Hirakawa, Y., 
Saito, M., Tamaki, T., Shirasu, K., and Fukuda, H. 
(2014). Plant GSK3 proteins regulate xylem 
cell differentiation downstream of TDIF-TDR 
signalling. Nat. Commun. 5, 3504.
Ohashi-Ito, K., Oguchi, M., Kojima, M., 
Sakakibara, H., and Fukuda, H. (2013). 
Auxin-associated initiation of vascular cell 
differentiation by LONESOME HIGHWAY. 
Development 140, 765–769.
Ohashi-Ito, K., Saegusa, M., Iwamoto, K., Oda, Y., 
Katayama, H., Kojima, M., Sakakibara, H., and 
Fukuda, H. (2014). A bHLH complex activates 
vascular cell division via cytokinin action in root 
apical meristem. Curr. Biol. 24, 2053–2058.
Yamamoto, R., Demura, and T., Fukuda, H. (1997). 
Brassinosteroids induce entry into the final 
stage of tracheary element differentiation in 
cultured Zinnia cells. Plant Cell Physiol. 38, 
980–983.
Zhong, R., Lee, C., and Ye, Z.H. (2010). Evolutionary 
conservation of the transcriptional network 
regulating secondary cell wall biosynthesis. 
Trends Plant Sci. 15, 625–632. 
Department of Biological Sciences,  
The University of Tokyo, Tokyo, Japan. 
E-mail: fukuda@bs.s.u-tokyo.ac.jp,  
kyoko@bs.s.u-tokyo.ac.jp
